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Executive Summary

Over the course of the growing season (May — September) of 2009, Culver Lake met the minimum
standards set for phosphorus levels and was near the minimum standards set for clarity. However,
the lake’s thermal/dissolved oxygen profiles were not always optimal with regard to trout hold—over
habitat or zooplankton refuge habitat. Additionally, the lake’s phytoplankton community was
characterized for most of the growing season by the predominance of blue-green algae. Moreover,
the density and number of large-bodied zooplankton continued to decline relative to that observed in
2007 and 2008. Overall the lake’s water quality conditions can be summarized as follows:

e Dissolved Oxygen (DO) - Data collected from early July through mid-September document
that the aeration system did not consistently maintain positive dissolved oxygen
concentrations throughout the entirety of the lake’s water column. In late-May, DO
concentrations were for the most part within the desired range from surface to bottom. By
mid-July, a DO sag had developed, resulting in reduced DO concentrations at depths greater
than 8 meters. The decline in deep-water DO concentrations continued into the late summer,
leading to anoxic conditions at depths greater than 5 meters. Usually, anoxic conditions in
the lake’s deep hypolimnion (water deeper than 10 meters) are not an especially significant
concern as this water remains segregated from the upper, sunlit epilimnetic waters. However
low or no DO in the metalimnion (water depths of 5 — 10 meters) has the potential to
significantly impact water quality. As compared to the data collected in the more recent
monitoring years, somewhat higher dissolved oxygen concentrations were measured in the
metalimnetic layer in the latter part of the summer. This is positive condition, but yet as
noted under temperature, near anoxic condition were observed at times in the metalimnion
and overall DO concentrations were not considered ideal with respect to trout holdover
habitat.

e Secchi Transparency - The desired target Secchi transparency depth established for Culver
Lake is 1 meter. In the summer of 2009, the lake’s Secchi depth did drop below this target
depth, albeit slightly at 0.9 meters. However, the 2009 average Secchi depth, measured at
mid-lake, was 2.0 meters, which is greater than the 1.8 meter average for 2008. An average
clarity of this magnitude is considered exceptionally good for most lakes in northern New
Jersey.

e Temperature - The lake became thermally stratified by mid May and remained so through
late-September. As has historically been the case, three distinct thermal layers developed,
coinciding with the following approximate water depths: 0 - 5 m, 5 m - 10 m, and 10 m to
bottom. For the purpose of this report, the epilimnion, metalimnion and hypolimnion will be
defined by these depth intervals. The metalimnetic portion of the lake had corresponding
dissolved oxygen concentrations that ranged from 9.7 mg/1 in the mid-spring to near anoxic
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condition in mid- to late-summer. This cool thermal layer (metalimnion) should be providing
midsummer brown trout habitat and refuge habitat for large zooplankton. Although from the
perspective of temperature adequate conditions are created, the DO concentrations measured
in the metalimnion are not always adequate. The data show that trout holdover habitat was
only occurring in the late spring, and for the remainder of the summer was at best marginal.
Also with respect to the lake’s thermal properties, algal densities, as interpreted from
Chlorophyll a data, increased over the summer at or near the lake’s thermocline. Some of
this algal buildup is the result of the concentration of settled algal cells, but also is the
function of the development of a mid-water column bloom.

e Phosphorus - Phosphorus concentrations were measured over the 2009 growing season at
each of the lake’s thermal layers. In the late spring, phosphorus concentrations were
minimal, 0.02 mg/L or less in epilimnion and metalimnion, but were high in the hypolimnion
(0.07 mg/L). In the middle of the summer, the TP concentration measured in the epilimnion
increased to 0.03 mg/L, but remained the same as measured in the spring in the metalimnion
and hypolimnion. The TP increase in the epilimnion represents a 50% increase. The late
summer results show the TP concentrations in the epilimnion and metalimnion to have
declined to 0.01 mg/L (the analytic detection limit). At the same time though the
hypolimnetic concentration of TP rose significantly to 0.22 mg/L.

The lake’s TP concentrations appear in part to have been influenced by the consistently wet
weather that characterized the summer of 2009. The frequency and magnitude of storms
increased the flushing rate of the lake. This increase in mid-summer inflow increases the
amount of phosphorus loading to the lake, while the resulting flushing decreases the
opportunity for available inorganic phosphorus to be assimilated. As a result surface
concentrations can be expected to increase over time as inflow becomes greater. The
dramatic increase in TP observed in the deep hypolimnion is mostly a function of the release
of phosphorus from the lake’s sediments, which is accelerated under anoxic conditions.
Overall, the observed seasonal and depth related changes in TP concentrations documented
in 2009 followed a pattern somewhat similar to that observed during the previous wet years.

e Ammonia— An increase in the concentration of ammonia was observed over the course of
the summer in the lake’s hypolimnion. As was the case with phosphorus, the general trend
for the summer of 2009 was an increase in ammonia concentrations over time and with
increasing depth. This is the same pattern as observed in 2006, 2007 and 2008, and is a trend
that we expect to observe in Culver Lake as long as the hypolimnion is anoxic. The buildup
of ammonia in the deep layers of a stratified lake is largely due to the bacteriological
breakdown of organic material under anoxic conditions.

e Chlorophyll a - Chlorophyll a is a photosynthetic pigment present in all algae. Itisusedasa
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surrogate to evaluate and quantify algal community development in Culver Lake. The
acceptable maximum threshold concentration for chlorophyll a in Culver Lake is 20 mg/m’.
In May, before the lake’s algal community began to bloom, the concentration of chlorophyll
a in the epilimnion was only 3.6 mg/m’. In July, a surface algal bloom was experienced and
the epilimnion concentration of chlorophyll a jumped to 41.9 mg/m’. By late summer, the
bloom had dissipated and the epilimnetic concentration of chlorophyll a had decreased to
11.5 mg/m’.

The chlorophyll a concentrations measured in the lake’s metalimnion also peaked in the mid
summer. This may have been the result of some minor upwelling of phosphorus rich water
into the metalimnion (which would stimulate a mid-depth water bloom) or could reflect the
simple settling of surficial algae at the lake’s thermocline. We expect the former given the
concentration of DO and TP measured in the deeper reaches of the lake at this time of year
relative to that measured at the surface.

e Phytoplankton — The phytoplankton community was monitored both at the surface and at the
lake’s metalimnion. Blue-green algae were found to the dominant phytoplankton community
over the entire course of the 2009 growing season (May through September). It is important
to note that the abundance and density blue-green algal species measured in 2009 were
considerably greater than observed in 2008, a trend that has been observed since 2007.
Thus, even though the lake continues to be characterized by relatively epilimnetic
concentrations of TP, it is still dominated by blue-green algae.

e Macrophyte Growth and Management — Macrophyte growth in the Stehr Tract section of
the lake once again continued to pose an overall management problem. Mechanical
harvesting of this area however effectively addressed the problems caused by the density of
weed growth. In terms of species composition, weed density, weed distribution, and overall
weed growth conditions remained fairly stable relative to those observed in 2008.

Inlets — Stream sampling was conducted in 2009. This was limited to the collection of key
water quality parameters at the lake’s two main tributaries (Owassa Brook and Causeway
Cove Brook) under non-storm flow conditions. This sampling showed that concentration of
TP in the stream discharging from Lake Owassa peaked in late spring at 0.05 mg/L, about 2x
greater than the peak concentration measured in the lake. These data suggest that this
stream is a potential problematic source of phosphorus for Culver Lake. It must be
emphasized that these are baseflow measured conditions. It is possible that under storm
event conditions that the concentration of TP entering the lake via the Owassa Inlet is much
higher as based on land use adjacent to this stream and the likelihood of road way runoff
compromising the streams’ water quality. Conversely, the Causeway Cove Inlet TP
concentrations remained consistent at 0.02 mg/L over the entire growing season.
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Introduction

This report reviews the findings of the 2009 water quality monitoring program, and discusses the
data with respect to the overall management of Culver Lake. The water quality of Culver Lake has
been monitored continuously since the early 1990°s by Princeton Hydro. The objective of the
monitoring program basically revolves around the need to objectively and quantitatively evaluate the
water quality status of the lake as it applies to recreational use and the ability to support a healthy
fishery. The data are also used to evaluate the effectiveness of various management activities
including the operation of the Layer Air system. Supplementing Princeton Hydro’s data are data
collected by Ecosystem Consulting Services and Aquatic Analysts. The data collected by the former
focus mostly on the performance of the aeration system, while the data collected by the latter
pertains exclusively to issues related to weed (macrophyte) growth and weed harvesting.

The combination of the data collected and supplied by all three consultants increases the diversity
and robustness of the database, thereby increasing the Association’s ability to make informed
assessments and decisions on the management of the lake. To gain further insight into those factors
that may be stimulating alga blooms and declines in water quality, in 2008 an inlet stream sampling
program was initiated as a supplement to the in-lake program. Particular emphasis was placed on
the use of the resulting data to better understand the role of external nutrient and sediment loading
on the lake’s water quality. The inlet sampling program involves the collection of key water quality
parameters at the lake’s two main tributaries; Owassa Brook and Causeway Cove Brook. This
sampling was conducted only under non-storm, “baseflow” conditions.

Methodology

During the 2009 growing season Princeton Hydro monitored the water quality of Culver Lake on
three dates; 22 May, 16 July and 25 September. The selected sampling dates enabled us to collect
data during critical periods over the course of the growing season, and to make timely observations
of weed growth, weed management and thermal stratification processes. During each sampling
event, data pertaining to the lake’s water chemistry, water clarity and the dynamics of the lake’s
zooplankton community were collected. In addition, on each date, observations were made of the
lake’s weed growth and algal (phytoplankton) community. Information was also obtained and
reviewed regarding the Association’s weed control and any fishery management efforts. As in past
monitoring efforts, three stations were monitored in 2009; mid-lake, Stehr Tract and Causeway
Cove. The North Shore was also observed for macrophyte growth. As noted above, in 2009 to
obtain a better understanding of the role of external nutrient and sediment loading on lake water
quality, inlet stream sampling was also conducted as a supplement to the in-lake monitoring
program. This involved the collection of key water quality parameters at the lake’s two main
tributaries; Owassa Brook and Causeway Cove Brook. The following details the procedures
followed in the collection of the in-lake and inlet water quality data.
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In-Lake

On each sampling date, Princeton Hydro conducted both in-situ and discrete water quality
monitoring within the lake. At each station the following data were collected in profile, at one-meter
intervals from the surface to bottom of the lake:

= Dissolved oxygen
= Temperature

] pH

= Conductivity

In addition, the lake’s clarity was measured at each station by means of a Secchi disk. Data
pertaining to the occurrence and density of aquatic macrophytes (plants) were recorded on each
sampling date. Atthe mid-lake station only, water samples were collected from the surface, mid and
bottom depths and analyzed for the following parameters:

= Total Phosphorus (TP)
= Nitrate-nitrogen (NOs3)
=  Ammonia-nitrogen (NH3)

Lastly, samples were also collected from the surface and mid-depth for chlorophyll a analysis, and
from the surface and mid-depth for the quantitative analysis of both phytoplankton and zooplankton.

Inlet Tributaries

On each sampling date, Princeton Hydro conducted both in-situ and discrete water quality
monitoring within the tributaries. At each tributary, the following in-situ data were collected:

= Dissolved oxygen
= Temperature

] pH

= Conductivity

The grab water samples collected at each inlet on each date were analyzed for the following
parameters:

= Total Phosphorus (TP)

= Nitrate-nitrogen (NOs)

=  Ammonia-nitrogen (NH3)

= Total Suspended Solids (TSS)
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Results and Discussion:
1. In-Lake Water Quality
Water Temperature, Thermal Stratification and Dissolved Oxygen

The summer of 2009 was unseasonably wet and generally cooler between late-May and late-August.
Even so, the surface waters of the lake steadily increased in temperature through July and August
then began to cool into September. The heating of the lake’s upper layers (epilimnion) that began in
the spring resulted in the lake’s defined thermal stratification by early July. Similar to previous
monitoring years, by mid-summer the thermocline had formed at a depth of approximately four (4)
to five (5) meters (approximately 13-16 feet) below the lake’s surface. The lake remained stratified
and the depth of the thermocline persisted throughout the summer. As would be expected, both
weather patterns and the operation of the lake’s aeration system were responsible for the lake’s
observed thermal gradients. For Culver Lake, it is critical to keep the thermocline as deep as
possible. We know that that the shallower the thermocline, the more likely is it for algae that
accumulate at the thermocline to be re-circulated into the lake’s epilimnion. Maintenance of the
thermocline at a depth of 4-5 meters tends to avoid this problem, thus aiding in the maintenance of
the lake’s clarity.

Similar to previous monitoring years, as the summer progressed, dissolved oxygen (DO) measured
in the deeper reaches of the lake declined. By mid-summer, the concentration of DO measured in
the lake’s metalimnetic zone (4-7 meters below the surface) was depressed and less than optimal
(Appendix A). As will be discussed in further detail in the nutrient sub-section of this report, anoxic
conditions within this zone increase the opportunity for phosphorus recycling into the sunlit,
epilimnetic zone as a result of upwelling (metalimnetic erosion). This condition may also have a
carry-over effect that results in greater algal densities in the following spring. Low DO in the lake’s
metalimnion is especially relevant to the maintenance of the lake’s cold-water (trout) and
zooplankton communities. Lack of sufficient DO in the cool middle layers of the lake impacts its
ability to provide much-needed brown trout habitat during the summer months. Lack of sufficient
summer hold over habitat can create a stress on the trout that affects their survival. Lack of
sufficient DO in the metalimnion also reduces the amount of refuge habitat available for large
bodied zooplankton. This impacts their ability to avoid predation, thus impacting their ability to
survive in high numbers over the course of the summer. A decline in herbivorous zooplankton in
turn decreases the amount of grazing pressure exerted by these organisms on the lake’s
phytoplankton, thus limiting the amount of biological control exerted on algae blooms.

With respect to the DO data, from July through September, metalimnetic DO concentrations were
minimal to unacceptable with respect to the maintenance of summer hold-over trout habitat. In July,
metalimnetic DO concentrations dropped below 2 mg/L at depths greater than 8 meters. At lake
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depths greater than 12 meters (the lake’s hypolimnion) DO concentrations were consistently less
than 1 mg/L and thus considered anoxic. These data indicate that as of mid-July, the lake’s hold-
over trout habitat was borderline acceptable. Although similar to DO conditions observed in the
past, the mid-depth DO concentrations measured in 2009 were somewhat similar than those
observed in 2008. When examined relative to the DO/depth data collected over the past ten years,
the 2009 data show that DO concentrations decline from spring through summer in the metalimnion,
resulting in minimal summer hold-over trout habitat. As noted above, over the course of the
summer, the lake’s hypolimnion remained anoxic or close to anoxic. This is an acceptable condition
and consistent with the management objectives of the lake. The key however, is to ensure that the
anoxic portion of the hypolimnion remains well below the lake’s thermocline. As detailed in
Appendix A, this condition was preserved in July but deteriorated in September. Specifically, in
July although depressed DO concentrations were measured at depths as shallow as 4 meters in July,
true anoxic conditions were limited to lake depths greater than 12 meters. In September, near anoxic
conditions were essentially measured to depths as shallow as 8 meters.

pH

The lake’s pH changed consistently with depth (Appendix A). In late-May, the pH of the epilimnion
was alkaline (8.42 to 7.88). Once below the thermocline, the pH decreased to slightly alkaline
levels. In July, the pH of the epilimnion was again alkaline (8.83 to 8.00). Once below the
thermocline, the pH decreased to essentially slightly alkaline levels. The pH levels in September
were less prominent in than observed in July, as epilimnetic pH levels had reduced to a more neutral
status. These reduced pH levels were the direct result of reduced algal productivity and
photosynthesis, as a result of wet cool weather in late August. However, once below the
metalimnetic thermocline, the pH of the lake continued to decline somewhat and was moderately
acidic. Overall, the pH values suggest the existence of season-long algal bloom conditions, and this
was further confirmed by the highest measured chlorophyll a concentrations of the monitoring
program. Of particular note is the presence of alkaline conditions in the epilimnion in late-May.
Normally these conditions aren’t observed until the mid summer. This is most likely the result of
the milder winters and earlier growing season starts experienced in recent years.

Clarity

Despite the algal conditions observed in 2009, the lake’s transparency, as measured by Secchi disk
remained near or above target from the beginning of the growing season through the end. In May
the lake’s Secchi clarity was 2.5 meters; well above the target Secchi depth of 1 meter. In July the
lake’s clarity had been reduced to 0.9 meters, just below the target depth. An increase in clarity was
observed toward the close of the season, as in September, the clarity had recovered to a season high
depth of 2.7 m.
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Nutrients

Phosphorus concentrations were measured over the 2009 growing season at each of the lake’s three
thermal layers. Phosphorus concentrations were somewhat consistent from the surface to the bottom
of the lake throughout the summer, until the late summer event. Phosphorus concentrations were
similar at all three depths in the spring and early summer, with all the depths measured at
concentrations less than 0.05 mg/L. Although a reduction from the concentrations observed in 2008,
these concentrations remain somewhat elevated relative to what is normally observed in the spring.
This is most likely the result of the continuation of an unusually warm winter (which alters the
freezing regime of the lake). This same warm winter condition was observed going into the 2008
season as well. As expected, by late summer, the deep water concentration was significantly higher
than the remaining depths. The surface and mid-depth concentrations were <0.01 mg/L while the
deep water concentration had risen to 0.22 mg/L. It should be noted that the late summer deep water
TP concentration has been consistently elevated since the late summer of 2004. The consistently
wet weather that was observed during the summer of 2009 allowed the lake to experience a much
higher flushing rate than normal, unlike what was observed in the previous three years. However,
TP concentrations in the latter part of the 2009 growing season were somewhat similar in
concentration to those observed in the same corresponding time periods of 2005 through 2008. Over
the past few winters, the generally dry, warmer conditions are most likely contributing to this TP
condition due to the freezing regime of the lake being altered. This same bottom water TP condition
has been observed in several of the few deep water (>10m) lakes in the northwest NJ region. In
addition, these generally warmer winter conditions of recent years are also most likely contributing
to the larger numbers of phytoplankton being observed earlier in the growing seasons.

In May, ammonia concentrations were minimal at the surface and mid-depth layers, with these
depths measured at 0.02 mg/L, however the deep water concentration was somewhat elevated at 0.22
mg/L. In July, ammonia concentrations had a greater overall variability from surface to bottom,
ranging from a low of 0.09 mg/L to a maximum of 0.21 mg/L. In September, ammonia
concentrations were again widely variable from surface to bottom, ranging from a low of 0.05 mg/L
to a maximum of 0.63 mg/L. This is consistent with the fact that anoxic conditions (measurable DO)
were present below the 5-meter thermocline, and consistently so at depths greater than 10 meters.
Typically, ammonia concentrations increase dramatically under anoxic conditions.

Unlike ammonia, the lake’s nitrate concentrations remained relatively consistent over the 2009
growing season. As the summer progressed, nitrate concentrations increased slightly in the deepest
waters of the lake (depth >14 meters) relative to the concentrations measured at the surface and at
the thermocline earlier in the year. This is expected and suggests that bacterial decomposition was
occurring near the bottom of the lake. The conversion of ammonia, in the presence of oxygen, to
nitrate is through nitrification. By the end of the summer, nitrate concentrations had again decreased
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near the bottom and were somewhat more consistent with late spring concentrations. In addition, by
the late summer, nitrate concentrations had decreased at both the surface and mid-depth layers.
These upper layer decreases are largely the result of photosynthetic uptake of the nitrate occurring in
the upper layers of the lake.

Chlorophyll a

For Culver Lake, the established maximum chlorophyll a concentration threshold is 20 mg/M>. It
has been determined, on the basis of past data and the consensus of lake users that when
concentrations are below this value, the lake, although greenish in color, is aesthetically acceptable.
As the concentration of chlorophyll a exceeds this target value however, there is an increase in
complaints and lower satisfaction with the appearance of the lake. It has been our experience that a
concentration of 20 mg/M" typically coincides with the development of an algae bloom. As such,
we can use this target value to both gauge user satisfaction with the lake as well as identify the onset
or existence of an algal bloom.

In May 2009, the concentration of chlorophyll a was 3.6 mg/M? at the surface and 5.2 mg/m’ at the
thermocline. These are very acceptable concentrations as they are obviously well below the target
concentration. This would be expected in the late spring because of the lake’s cooler water
temperature, limited duration and intensity of sunlight and the predominance of non-surface
blooming algal forms.

With the onset of the summer, the lake’s overall productivity is expected to increase, and this is
reflected in the chlorophyll a concentrations measured in 2009. At the lake’s surface in July the
concentration was 41.9 mg/M°, while at the thermocline it was 20.1 mg/M>. Based on the targeted
goals, these conditions are considered unacceptable as the surface concentration of chlorophyll a
exceeded the target concentration. However, the fact that the mid-depth concentration was
significantly lower than the surface concentration was deemed a positive. Although one would
typically expect higher chlorophyll a concentrations at the lake’s surface due to more favorable light
intensity and warmer water temperatures, this has not always been the case in Culver Lake. At
times, the blue-green algae Oscillatoria has developed to bloom densities near the thermocline. The
subsequent upwelling of these algae to the surface has at times in the past caused significant water
quality problems. However, this condition was not observed in 2009.

Later in the summer, due to the dryer, warmer conditions that persisted during the latter part of
August and September one would expect an increase in the concentration of chlorophyll a then was
observed as in the mid-summer, however this was not the case. At that time the lake’s surface
chlorophyll a concentration had declined to 11.5 mg/M?; once again below the established target
concentration. In addition, at this same time the chlorophyll a concentration measured at the
thermocline was only 9.6 mg/M>. This reduction in surface concentration is at least in part most

Princeton Hydro LLC



2009 Culver Lake End of Year Report
Prepared for the Normanoch Association
November 2009

likely the result of a week-long, wet, unseasonably cold spell experienced in the region in early to
mid August. This weather pattern allowed for cloudy conditions, and as a result, a break in the
photosynthesis activity that had been occurring with the algal bloom. It should be noted however
that this lengthy period of rain most likely transported watershed based nutrients to the lake that had
previously been absent during the long dry spell that occurred in the mid to late summer. These
nutrients may have very well had the ability to fuel another late summer/early fall algal bloom,
especially if mixed with the TP rich bottom waters had the lake turned over by then.

In examining the 2009 data to the data collected over previous years it was noted that the 2009
thermocline chlorophyll a concentrations were similar to those measured over the most recent years;
that is relatively low from spring through the end of the summer. This year, much like what was
observed in 2006 and 2008, the surface chlorophyll a concentrations increased as the year
progressed and exceeded the threshold value.

Two important conclusions can be drawn from these data. First, the 2009 data shows that the algae
present in the mid-layers of the lake were not responsible for the surface bloom. The maintenance of
relatively low concentrations at the thermocline supports a conclusion that the transport of deep
water algae to the surface was not a primary factor in the overall bloom. Second, as based on the
analysis of the 2009 chlorophyll a with the other discrete and in-situ data, and especially the
phytoplankton data (Section 2, below), it appears that prevailing mid to late summer weather
conditions were the driving factor behind the overall bloom. As observed in previous years, such
conditions allow for the significant growth and development of blue-green algae, leading to the
bloom conditions (as reflected in the chlorophyll a concentrations) measured at the lake’s surface in
the mid-summer. Thus, the density of algae did in fact reach nuisance levels (concentrations greater
than 20 mg/M3), as observed with a sizable (approximately 15 fold) increase in chlorophyll a
concentrations between the beginning and midpoint of the summer of 2009.

2. Biota
Phytoplankton

During the May sampling event, a high diversity of green algae, diatoms, cryptomonads and blue-
green alga were identified in Culver Lake. In the surface waters the blue-green algae were the
dominant group and the single dominant genus was the cyanophyta Coelosphaerium. In May, mid-
depth algal abundance and biomass values were lower than the respective surface water values.
However, similar to the surface waters, the blue-green algae were the dominant group, however the
alga Aphanizomenon was the single dominant genus in the mid-depth waters.

During the July sampling event, the blue-green algae remained the dominant group in the surface
waters of Culver Lake in terms of abundance, as well as the dominant group in terms of biomass.
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The blue-green algae that were identified in the surface waters included Anabaena and
Aphanizomenon. Total abundance at the surface was elevated and this is reflected in the mid-
summer chlorophyll a concentration of 41.9 pg/L. Mid-depth abundance and biomass values were
much lower than the respective surface water values, but the abundance and biomass groups were
similar, as the mid-depth sample had a dominant alga, in terms of both abundance and biomass, of
the cyanophyte Anabaena.

Surface water phytoplankton samples taken in September were characterized by a similar
community assemblage with blue-greens again accounting for the majority of the community in
terms of abundance and biomass. The dominant algae at the surface in terms of abundance remained
the blue-green Anabaena. Mid depth phytoplankton samples again showed a generally lower
abundance and biomass than associated surface water samples, however a shift in dominance from
the blue-green algae to the green algae had occurred. The mid depth community assemblage was
similar to that of surface waters, however the green alga Coelastrum now exerted dominance terms
of abundance and biomass. Along with the decreased phytoplankton abundance was a marked
decrease in chlorophyll a concentration with a measured concentration of 41.9 pg/L in July to 11.5
png/L in September.

The phytoplankton data thus show the increased pervasiveness of the blue-green algal forms in the
lake from the very start of the monitoring season in the late spring, on through as the summer
progressed. In 2009, these blue-greens tended to be composed mostly of species known to create
surface blooms and scums. The densities of these species attained nuisance densities, and as a result
did achieve a mass great enough to impact the aesthetics of the lake. On a relative scale the impacts
continued to be as high as had not been previously observed in the past. This is evident by
examining the lake’s long-term Secchi clarity data (Figure 9).

Zooplankton

Zooplankton diversity, densities and biomass were moderate during the May sampling event. Mid-
depth zooplankton values were similar in value to the surface during the May sampling event. In
contrast to conditions observed in May 2004 — May 2006, herbivorous zooplankton were rare in
Culver Lake as documented by the May 2009 sampling event. This continues a trend previously
observed in both 2007 and 2008. The only herbivores present in the lake in May were the
cladoceran Bosmina and the copepod Cyclops; both identified in the surface waters and the mid-
depth waters. No herbivorous Ceriodaphnia were present in the May sample. The Rotifers were the
most abundant group of zooplankton in the surface and mid-depth samples of Culver Lake in May.

During the July sampling event, the herbivorous zooplankton identified in the surface and mid-depth
waters of Culver Lake were, Bosmina, Ceriodaphnia and Cyclops. In the surface waters the
cladocerans were the dominant zooplankton group in terms of both abundance and biomass. The
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cladocerans were also the dominant group in terms of abundance and biomass in the mid-depth
waters. In fact, the single most abundant genus in the mid-depth July sample in terms of was the
herbivorous cladoceran Bosmina. Tthe herbivores accounted for approximately 35% of the total
zooplankton abundance in the mid-depth July sample. This is a reduction from the 2008 mid-depth
July samples where herbivores accounted for approximately 50% of the total zooplankton abundance
in the mid-depth sample.

Similar to previous monitoring years, mean total lengths of the limited herbivorous zooplankton that
were observed in July were less than 1.0 mm, indicating that they were under grazing pressure by
forage and/or young gamefish. To continue long-term efforts to facilitate the development of a
zooplankton community dominated by large-bodied herbivorous genera in Culver Lake,
approximately 1,180,000 total herbivorous zooplankton were stocked in Culver Lake during the
May, July and September sampling events combined. More specifically, these stocked zooplankton
were the herbivorous species Bosmina and Ceriodaphnia.

During the September sampling event, several herbivorous zooplankton species were identified in
the surface waters of Culver Lake. Specifically the copepods Diaptomus and Cyclops and the
cladocerans Bosmina, and Ceriodaphnia were identified. In the mid-depth waters most of the same
species were identified as well. In the surface waters the rotifers were the dominant zooplankton
group in terms of both abundance and biomass. The rotifers were also the dominant group in the
mid-depth waters in terms of abundance and biomass. In fact, the single most abundant genus in the
mid-depth September sample in terms of biomass was the rotifer Keratella. The herbivores
accounted for approximately 20% of the total zooplankton abundance in the mid-depth September
sample. This is a decline in the same total zooplankton abundance observed in the mid-depth July
sample.

Based upon the relatively stable presence of the herbivores in the mid and late summer mid-depth
samples, the zooplankton stocking program again assisted in controlling excessive amounts specific
phytoplankton types, namely the chlorophytes (green algae). Green algae densities, on average, were
comparable in 2009 to those observed in 2008. However, the continued abundance of blue-green
algae seems to have continued influence on in-lake herbivore concentrations to some extent. As
previously mentioned the blue-green algae are not a preferential food source and are therefore only
lightly grazed upon by the herbivores.

The distribution of the zooplankton, especially the minimal number of larger herbivorous forms,
emphasizes the need to maintain a well oxygenated metalimnion. These organisms use the mid-
water reaches of the lake as refuge habitat from predators, especially zooplanktivorous fish. Without
ample DO in the mid-water depths of the lake, the habitat conditions conducive for the support of
these large body zooplankton is less than optimal, thus creating additional stress for these organisms.
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Aquatic Macrophytes

In May of 2009, approximately 100% of the Stehr Tract section of the lake was impacted by weed
growth. Large amounts of curly-leaf pondweed (Potamageton crispus) and Eurasian watermilfoil
(Myriophyllum spicatum) were observed growing to a point near the lake’s surface. Weed densities
were nominal in the Causeway Cove section of the lake with Eurasian watermilfoil and curly-leaf
pondweed observed in this area as well. The North Shore of the lake also was characterized by low
weed densities. In this area scattered patches of Eurasian watermilfoil and curly-leaf pondweed
were encountered again.

Although mechanical weed harvesting had occurred in mid June, prior to our July sampling of the
lake, the Stehr Tract Cove remained impacted by sporadic weed growth, especially stands of
Eurasian water milfoil and water lilies. Also observed on 16 July in the Stehr Tract area were the
species elodea (Elodea canadensis) and tapegrass (Valisneria americana). Weed growth in the other
sections of the lake remained sporadic and patchy, as compared to that observed in Stehr Tract Cove
as well as that observed throughout the lake in previous years. Only Eurasian watermilfoil was
observed in the Causeway Cove portion of the lake, a place where tapegrass is usually dominant.
Additionally, in July minimal numbers of yellow and white water lily, tapegrass and Eurasian water
milfoil were observed scattered throughout areas along the North Shore.

In September, the Stehr Tract Cove was populated by curly-leaf pondweed and water milfoil, with a
50/50 mix of both constituting the overall weed composition. It should be noted that the Eurasian
water milfoil plants that were observed appeared to be brown and decaying. In September, yellow
and white water lilies, Eurasian water milfoil, curly-leaf pondweed and tapegrass were observed
along the North Shore. However, by far, tapegrass had become increasingly dominant along the
North Shore as the late summer progressed. A fairly even mix of Eurasian water milfoil, tapegrass,
and a species of pondweed (Potamageton spp.) was observed in the Causeway Cove area of the lake
in September.

3. Inlet Water Quality

In order to obtain a better understanding of the role of external loading to the lake, inlet stream
sampling was also conducted as a supplement to the in-lake program. The inlet stream sampling was
added to the overall monitoring program in 2008. This inlet sampling involved the collection of key
water quality parameters at the lake’s two main tributaries; Owassa Brook and Causeway Cove
Brook. The Owassa Brook (also known as Culvers Creek) discharges from Lake Owassa and enters
Culver Lake after flowing under State Route 206. The Causeway Cove inlet enters Culver Lake
directly from the marsh/swamp area located directly to the northeast of Culver Lake. Under base
flow conditions, the concentrations of TP, TSS, NH3-N and NOs-N entering the lake at each of the
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inlet stream stations was measured. In addition, in-situ data (dissolved oxygen, temperature, pH, and
conductivity) was also collected during each monitoring event.

In-Situ
Temperature

Water temperature has great influence on aquatic life. Colder water can hold more dissolved oxygen
and thus may support a greater variety or density of organisms, while warmer temperatures generally
give rise to higher rates of biological activity (photosynthesis, respiration, etc.) As expected, based
on their forested corridors, influence by groundwater and overall flowing characteristic, the water
temperatures of the inlets were relatively consistent throughout the year. That is, the inlets are
cooler than the midsummer lake temperatures and warmer than the spring and late summer lake
temperatures. Thus, under baseline conditions, the inlet streams do not appear to be detrimental to
the lake in terms of temperature.

Dissolved Oxygen

The amount of dissolved oxygen (DO) in a stream is one of the best indicators of an ecosystem's
health. Oxygen diffuses directly from the atmosphere and is produced by the photosynthetic
activities of macrophyte (aquatic plants) and algae. DO is used, and at times depleted, by the
respiratory activities of aquatic organisms. Most aquatic ecosystems require at least 5-6 mg/l of DO
to support a diverse community of life. The presence of little or no DO can indicate unhealthy
water, possibly due to excessive organic enrichment, septic influence or the result of being stagnant.
The DO concentrations measured in both inlet streams were for the most part above the NJDEP
surface water standard of 5.0 mg/L. A single exception, the Causeway Cove Inlet on 16 July,
dropped below this standard with a measurement of 4.05 mg/L. This reduced DO was most likely
the result of water stagnation.

Over the course of the five month monitoring period, DO concentrations tended to peak in the spring
when plant respiration was at its highest and water temperatures were their coolest. The lowest DO
concentrations were observed in July when water temperatures were warmest and flow was at a
minimum. Thus, under baseline conditions, the inlet streams do not appear to be detrimental to the
lake in terms of DO concentrations.

Specific Conductivity
Specific conductivity is a measurement of the amount of dissolved substances (i.e. nutrients,

minerals, salts) in water. The higher the conductivity, the more dissolved substances are present in
the water. From May through September, each stream’s specific conductivity was consistent. There
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were however some differences in the specific conductivity of the inlet streams as compared to the
specific conductivity of the lake, as measured in the epilimnion. Generally, the Owassa Inlet stream
was 25% lower in specific conductivity as compared to either the lake or the Causeway Cove inlet,
most likely the result of undeveloped forested sources and overall cooler waters contributing to
streamflow. Thus, under baseline conditions, the inlet streams do not appear transporting any
excessive amounts of dissolved solids into the lake. It should be noted that this is likely to change in
the winter (due to road salts) or during storms (as a result of the mobilization of sediments and other
pollutants).

pH

The pH of water can have a profound effect on the chemical and biological components of an
aquatic ecosystem. Therefore, it is an extremely important ecological parameter. The pH measured
at the inlet streams tended to be well within the surface water standards established by the NJDEP
(6.5t0 8.5). Overall, the pH values that were observed were slightly above neutral (7.5 —8.0). This
is somewhat different than observed in the lake where alkaline conditions tended to persist in the
epilimnion. The difference is likely a function of the greater amount of photosynthetic activity that
occurs in the lake relative to the streams. Increased photosynthetic activity will push the pH into the
alkaline range.

Nutrients
Phosphorus

As stated earlier, phosphorus is the primary limiting nutrient in most freshwater waterbodies within
the Mid-Atlantic section of the United States. In other words, it takes very little phosphorus to
stimulate large amounts of algal and/or aquatic plants growth; as phosphorus concentrations
increase, the amount of algal and/or aquatic plant biomass will also increase. Thus, reducing current
phosphorus loads, as well as controlling future loads, is an effective, long term strategy in improving
and preserving the water quality of a lake or pond. It has been well documented that in-lake TP
concentrations greater than 0.03 mg/L can stimulate high levels of algal and/or aquatic plant growth.
Under such conditions, a lake or pond is described as being eutrophic, meaning it is highly
productive. Thus, such water bodies have the potential to experience algal blooms and excessive
densities of aquatic plants. As part of the 2009 monitoring program, a single form of phosphorus
was measured in the two inlet streams. This form of phosphorus is total phosphorus (TP), which
measures all the phosphorus in the water; inorganic and organic, particulate and dissolved. Most
water quality models are based on TP concentrations, since rates of phosphorus recycling is
extremely fast in lakes and ponds.

The Owassa Inlet TP concentrations varied from 0.02 mg/L to 0.05 mg/L, with concentrations
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peaking in the late spring. The Causeway Cove Inlet TP concentrations remained consistent at 0.02
mg/L during all three dates. These concentrations, similar to the in-lake concentrations, indicate that
the inlets have the potential to be at times a source of phosphorus for Culver Lake. However, it
should be cited that through the course of the growing season, a large amount of aquatic vegetation
die-off due to lowering water levels, as well as elevated nuisance densities, was observed in the
swamp/marsh areas beyond the northeast portion of Culver Lake. Thus, a large portion of the
phosphorus measured in the Causeway Cove inlet water, especially during the late summer season,
may have been from the accumulation and/or decomposition of this plant biomass. In any event, TP
concentrations ranged from generally low to elevated concentrations during the season. Since
aquatic plant biomass within Culver Lake tends to correlate well with the seasonal increases in TP,
the growth of the aquatic plants within the lake, is at least partially dictated by the amount and
availability of phosphorus supplied from these two inlets. Thus, under baseline conditions, the inlet
streams do appear to be a phosphorus source of concern for the lake.

Nitrogen

While phosphorus is the primary nutrient limiting relative to algal and aquatic plant growth, nitrogen
is another extremely important nutrient. Nitrogen can be found in a variety of forms; particulate and
dissolved, inorganic and organic. However, the two forms that are most easily utilized by algae and
aquatic plants are ammonia-N and nitrate-N. Both forms are dissolved, inorganic forms of nitrogen.
Nitrate-N is another form of dissolved inorganic nitrogen that is readily utilized by algae and aquatic
plants for growth. Nitrate-N tends to be more mobile in surface and groundwater relative to
ammonia-N and can be generated through microbial activities, such as nitrification. However,
bacterial decomposition of organic matter tends to generate reduced forms of nitrogen such as
ammonia-N and not nitrate-N. Thus, algal and aquatic plant uptake of nitrate-N tends to keep its
concentration relatively low in lakes and ponds. For sources of potable water, the Federal and State
limit for nitrate-N concentrations is 10 mg/L. In contrast, summer nitrate-N concentrations greater
than 1 mg/L can generate excessive amounts of algal and aquatic plant biomass. We have found that
concentrations of nitrate as low as 0.3 mg/L are associated with streams displaying evidence of
eutrophication (algae buildup on rocks, excessive weed growth, etc.).

The Owassa Inlet NOs-N concentrations varied from 0.04 mg/L to 0.10 mg/L, with concentrations
peaking in the late spring. The Causeway Cove Inlet NO;-N concentrations varied from 0.03 mg/L
to 0.07 mg/L, with concentrations peaking in the mid-summer. Thus, under baseline conditions the
NOs-N levels in the Owassa inlet can be considered minimal however, as discussed in the 2008
annual report, the significance of nitrate loading via either stream can influence the lake’s overall
nitrogen:phosphorous ratios and should continue to be monitored in the future.

The Owassa Inlet NH;-N concentrations varied from 0.06 mg/L to 0.12 mg/L, with concentrations
peaking in the late summer. The Causeway Cove Inlet NH;-N concentrations varied from 0.03 mg/L
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to 0.11 mg/L, with concentrations peaking in the mid-summer. Thus, under baseline conditions
NH;3-N levels in both streams are also low and not considered problematic, however, as discussed in
the 2008 annual report, the significance of ammonia loading via either stream can influence the
lake’s overall nitrogen:phosphorous ratios and should continue to be monitored in the future.

Total Suspended Solids

Total suspended solids (TSS) are a measure of the amount of “dirt” or particulate matter in water.
The State limit for TSS is 40 mg/L. TSS concentrations greater than 40 mg/L, under baseline (non-
storm event) conditions, can negatively impact aquatic habitats. Some of these negative impacts
include in-filling of wetlands, lakes and waterways, the destruction of spawning habitat, and added
physiological stress on fish through suspended sediments entering their gills. In addition, TSS
concentrations greater than 40 mg/L are perceived by the layperson as being “dirty” or “muddy”.
The Owassa Inlet TSS concentrations varied from ND <3 mg/L to 5 mg/L, with concentrations
peaking in the late spring. The Causeway Cove Inlet TSS concentrations varied from ND <3 mg/L
to 4 mg/L, with concentrations peaking in the late spring as well. Thus, under baseline conditions
and based on these minimal concentrations, the inlet streams do not appear to be detrimental to the
lake in terms of TSS loading. This is important to note as some forms of phosphorus can bind with
particulates and be carried into a receiving waterbody adsorbed onto particulate material. However,
as we know first-hand, during storm events there is a considerable amount of TSS loading to the
lake, not only from these streams but form stormwater outfalls located all along the lake’s shoreline.
Although the low concentrations of TSS measured under base flow conditions are not reflective of
any sedimentation problem, this is typically not the case during storm events. The extent and
severity of storm based loading needs to be more aggressively investigated.
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. Overall Summary

Between mid May and late July, the lake became strongly stratified. The thermocline
established at a depth of approximately five (5) meters. The depth of the thermocline and the
timing of the onset of stratification are similar to that observed in past years. The lake remained
strongly stratified through late September.

Lake clarity during the beginning of the growing season was exceptional (2.5 meters at mid-
lake). Even though April was a very wet month and May fairly dry, this is relatively consistent
with early season Secchi readings measured in recent years. However clarity declined markedly
by mid-summer, dropping to 0.9 m. The lake’s clarity in September increased dramatically
relative to that measured in July (2.7 meters vs. 0.9 meters). This improvement in late-summer
clarity however, is consistent with that observed in the past few years, even given the presence
of a season long dominance of the algal community by blue-green algae.

The cause for the lake’s mid-summer bloom was concluded to be weather related and a direct
function of the large influx of nutrients most likely associated with the above average rainfall
experienced in June, followed periods of dry weather in early July. The warmer water
temperatures and longer days of July enabled the lake’s phytoplankton community to assimilate
the phosphorus which entered the lake with the June rains and increase in density. The July DO,
temperature and TP data do not provide any reason to suspect this bloom was triggered by
internal phosphorus recycling. The mid-summer bloom exceeded the chlorophyll a threshold
concentration (20 mg/M") and was caused by a spike in blue-green algae densities.

The mean Secchi depth in 2005 was 2.4 meters, in 2006 it was 1.9 meters, in 2007, it was 1.9
meters, in 2008 it was 1.8 meters and finally in 2009 it was 2.0 meters. Though conditions in
mid-late summer would facilitate algal blooms, especially blue-green blooms, the overall wet
and cooler conditions that characterized the summer appeared to limit the extent of prolonged
bloom development.

As has consistently been the case in the past, dissolved oxygen concentrations at or exceeding
saturation were measured in the epilimnion in the mid-summer. However, DO concentrations
declined rapidly at the thermocline and anoxic conditions were experienced throughout the
deeper portions of the lake’s profile. The hypolimnion remained near anoxic for the majority of
the latter part of the summer. Even so, the operation of the aeration system effectively kept the
anoxic, phosphorus richer water segregated from the epilimnion. Thus, we did not see any
evidence of internally driven increases in lake productively over the entire course of the 2009
growing season. This was physically achieved by the maintenance of strong thermal profiles into
late September. With the aeration system operating at peak efficiency, there appeared to be no
breakdown in stratification, and it was therefore possible (as evidenced by the TP data) to
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contain the phosphorus rich water near the lake bottom.

The lake’s thermal and DO properties were less than optimal from the early summer onward in
terms of summer hold-over trout habitat. It appears from mid-July through late-September, the
DO concentrations and temperatures measured at or below the thermocline were less than that
desired and necessary for the maintenance of brown trout.

Total phosphorus concentrations as measured at the lake’s surface were minimal in the spring,
peaked in mid-summer and then decreased in late-summer. TP concentrations remained
relatively consistent from surface to bottom from mid-summer to late-summer. However, the
late-summer deep water concentrations of TP were significantly elevated; 0.22 mg/L. This late
summer deep water concentration reveals a decrease and a reversal of the pattern observed in the
last five years. However, although there is significant phosphorus release occurring in the
hypolimnion, none of that phosphorus migrated into the metalimnion or the epilimnion. Thus,
although internal phosphorus release continues to occur, the maintenance of the lake’s thermal
properties fully segregated this phosphorus rich water to the bottom of the lake. Thus, in essence
the lake’s internal phosphorus load was controlled.

Although the annual mean TP concentration measured in 2009 was somewhat less than that
measured in 2008, it was similar to the overall concentrations measured from 1993 to 2004
(Appendix B and C).

In general (Appendix B and C) mean summer chlorophyll a concentrations have declined since
1995. However, the chlorophyll a concentration measured in mid-summer 2009 is the highest
chlorophyll a concentration measured in the last ten years. This appears to be a function of a
number of factors including weather patterns and the increased overall presence of blue-green
algae populations. However, as previously noted, although intense, this bloom was short-lived.

From the beginning to the end of the summer 0of 2009, Culver Lake’s phytoplankton community
was dominated by blue-green algae. This is not a positive indicator. The density of blue-greens
measured in 2009, especially in the mid-summer was very high and equated to bloom conditions.
In fact, concentrations reached densities high enough to violate both the lake’s chlorophyll a and
Secchi threshold levels.

The 2009 mean annual Secchi depth clarity exceeded the 1.0m threshold, and was actually not
only greater than observed in 2008, but was the highest mean measured since 2004. The lake’s
mean Secchi clarity was obviously affected by the exceptional clarity measured in May and
September, and does not reflect the impacted water quality experienced in July. This is one of
the reasons that relying on mean data alone can lead to inaccurate assessments of lake
conditions. Nonetheless, the data show that Culver Lake rebounded significantly from the
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impacts of the mid-summer algae bloom, and although the phytoplankton community was
consistently dominated by blue-green algae, their densities tended not to impair water quality as
much as would be expected. We feel that this has to do with the wet, cool weather, perhaps
increased flushing rates and the nature and periodicity of storm events.

= Nutrient and chlorophyll a concentrations were minimal at the thermocline from the spring
through the late summer. The data suggest the absence of a 2009 mid-depth bloom. It does
show that the lake experienced instead an overall surface water bloom. The algal and
chlorophyll data do not suggest that very much of the algae that developed at or near the
thermocline were transported into the epilimnion or were the cause for the overall surface bloom.

= An overall decrease in the densities of herbivorous zooplankton was observed in 2009.
Previously in 2006 and 2007, this was not the case. The lake’s zooplankton community in those
years showed a positive effect that was in part attributed to zooplankton stocking effort, the
maintenance of zooplankton refuge habitat and the control of alewife densities. A shift in the
phytoplankton community further away from blue-green dominance would prove beneficial to
the zooplankton as the blue-green algae are a poor food sources for herbivorous zooplankton.

= The Stehr Tract section of the lake continued to be impacted by excessive weed growth and
continues to be the area of the lake in need of the greatest amount of weed control activity.
Harvesting strategies in this section of the lake also include limited harvesting in 2009. The
resulting program proved to be successful. A large amount of weeds and biomat material were
removed through the limited operation. This resulted not only in improved access through this
area but also aided in water circulation and improved the area’s general aesthetics. In addition,
these activities also decrease the potential for internal TP sources that are the result of
decomposing plant material. The benefit of this program lends credence to the proposed
expansion of the program as outlined in a proposal recently submitted to the Association by
Aquatic Analysts. That proposal calls for a more aggressive and comprehensive hydroraking
effort in the Stehr Tract area of the lake. Princeton Hydro provided comment on this program in
a separate memo to the Association dated 2 November 2009. However, for the convenience of
the Association, it has been included in Appendix E.

= Overall, weed growth in the entire lake continues to be sporadic and patchy. Weed densities in
the Owassa Inlet and Causeway Cove sections of the lake and the along the lake’s North Shore
were consistent with the conditions documented in these areas in previous years. Although none
tend to be as impacted by weed growth as Stehr Tract Cove, each is impaired to some extent
with weed densities at times impeding access and usage. As such, they continue to require
maintenance. It should also be noted that the dense patches of Eurasian watermilfoil observed in
the Stehr Tract and Causeway Cove sections of the lake in 2007, was reduced in 2008 as well as
in 2009. However, the spread or density of this weed needs to continue to be tracked. A
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continued increase in the density of this weed in the either area may in the future warrant the
implementation of additional hydro-raking and/or harvesting efforts.

= Under base flow conditions, the concentrations of TP, TSS, NH3-N and NOs-N entering the lake
at each of the stream stations were measured. In addition, in-situ data (dissolved oxygen,
temperature, pH, and conductivity) was collected. The measured in-situ parameters did not
reveal any significant evidence of impairment or impact to the lake by the streams under baseline
conditions. However, the same cannot be said for the concentrations of nutrients, specifically
the concentrations of TP that were observed in 2009. The Owassa Inlet TP concentrations varied
from 0.02 mg/L to 0.05 mg/L, with concentrations peaking in the late spring. Overall, the
concentration of TP at this station was at was at least double that measured on the corresponding
date at the center of the lake. The Causeway Cove Inlet TP concentrations were consistent at
0.02 mg/L. These concentrations, similar to the in-lake concentrations, indicate that the inlets
have the potential to be at times a source of phosphorus for Culver Lake. The data suggest that
inflow to the lake via the Owassa Inlet may be affecting nutrient loading and lake productivity,
at least on a localized scale.
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5. Overall Conclusions and Recommendations:

The data collected during the 2009 season confirms that the lake’s management efforts are working.

For the most part, the lake had very good water quality, as evidenced by water transparency levels
that were consistently above or near the minimum threshold value. This is not to say that the lake
was without problems. The 2009 data, when analyzed independently and with respect to the long-
term database, show that the majority of the lake’s water quality issues were weather induced and
very likely a function of increased external loading. Even though clarity was somewhat
compromised in the mid summer, the lake’s algal community was predominantly represented from
May through September by blue-green algae. Additionally, brown trout hold-over habitat provided
during the middle of the summer was less than optimal, as based on the thermal profile and DO
concentrations measured in the lake’s metalimnion. Thus although the lake continued for the most
part to meet the community’s recreational demands, the Association needs to continue to track the
lake’s water quality attributes. In particular, monitoring of algal species composition and algal
densities in both the epilimnetic and metalimnetic regions of the lake must be continued. We also
feel that additional attention needs to be given to external loading dynamics, the management of the
lake’s overall nitrogen and phosphorus balance (as related to the nitrogen:phosphosus ratios that do
not favor blue-green algae) and the creation and/or maintenance of conditions that better support a
zooplankton community composed of a large percentage of herbivorous, large-bodied species.

With regard to the latter, data collected through 2007 showed that the stocking of herbivorous
zooplankton was having a positive impact on restructuring the lake’s zooplankton community.
However, we did not observe the same in 2008 and 2009. In fact, the overall densities of
herbivorous zooplankton were reduced in 2009 as compared to pre-2007. The continued abundance
of blue-green algac may be limiting the success of herbivorous zooplankton. As previously
mentioned, the blue-green algae are not a suitable food source for herbivorous zooplankton.

We continue not to support the stocking of brown trout, other than on a “put and take” basis. Any
fish stocking done by the Association should focus only on species that can continue to exert
predatory pressure on the zooplanktivorous fish such as alewives and golden shiner. The limited
suitable trout habitat, combined with hybrid Striped Bass predation, limits how much carry over and
natural recruitment can be expected through the stocking of trout. The introduction of a few large
trophy trout simply for the benefit of anglers is fine. However, it appears that it would be better
from a biomanipulation standpoint to focus on other piscivorous species such as Walleye
(Stizostedion vitreum) or Tiger Muskellunge (Esox masquinongy x Esox lucius) to further control
alewife and perhaps apply pressure on other pan and forage fish not likely to school in open waters.
Our fishery data from 2007 suggested that the hybrid striped bass may be over stocked in the lake.
Hybrid striped bass weight / length data should therefore be continuously reviewed to confirm
whether these fish are over abundant. Over the course of the 2009 season, observations by resident
fisherman suggest that the alewife population is on the rise. Based on this observation and the date
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of the previous stocking, Princeton Hydro agreed with the decision of the Normanoch Association to
re-introduce the hybrid striped bass stocking program on a limited basis. This stocking occurred in
the fall of 2009. Specifically, 3,200 hybrid striped bass 7-10 inches in length were stocked in to the
lake on 5 October 2009.

Lake-wide weed harvesting efforts continued to provide relief from use impairment caused by
excessive weed growth. Management of the weed growth in the Stehr Tract section of the lake
should continue to include hydro-raking as a supplement to the conventional weed harvesting
efforts. Overall, the 2009 harvesting project was successful. Thus, based on the success of this
effort, a 2010 harvesting program should again be conducted in the Stehr Tract section of the lake.
In addition, based on the continued trend of a reduction in the presence of Eurasian watermilfoil
observed in the Stehr Tract and Causeway Cove portions of the lake, the management technique of
harvesting and possibly hydro-raking in these specific areas should be continued.

Princeton Hydro still remains guarded in terms of the use of herbicides to control weed growth.
We strongly suggest the Association consider starting an annual mapping program of the lake’s
weed community. This would involve using a combination of aerial photographic analysis and in-
lake surveys. These would be done in early May and again in late August. The data would be used
to as document the species community assemblage of weeds, changes in the distribution and density
of weed species, the spread of different weed species, and are-specific or lake-wide changes in weed
composition and density attributable to weed management efforts. The data derived through such a
survey could be used to continue to direct weed harvesting, hydro-raking or alternative control
strategies to problem areas and quantitatively track the resulting improvements.

As such, for 2010 we recommend the following be conducted:

1. The Association should continue with the existing monitoring program and the collection of
key water quality parameters over the course of the 2010 growing season. Along with the in-
lake data collection, the collection of data at the Owassa Inlet and Causeway Inlet under
baseflow conditions, as conducted this past year, should be continued.

2. The lake monitoring program needs to be expanded to include data collected from major
inflow sources to the lake under storm conditions. As documented this past year the Owassa
Inlet TP concentrations are at least double that measured in the lake, and these data only
reflected baseflow conditions. Specifically we feel that it would be prudent to measure
inflow nutrient (TP and NO;-N) and sediment (TSS) concentrations during 3-4 major storm
events. The storm event sampling can be conducted by the Association with assistance from
Princeton Hydro. This sampling should occur between June and mid-September. The lab
analysis can be limited to TP, NOs-N and Total Suspended Solids. The resulting data could
be used to evaluate the effect of nutrient loading from the surrounding watershed on
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triggering algae-blooms or shifting N:P ratios to favor different algal forms. Storm water
data have not been collected for over 17 years. With continued positive steps being made in
the control of the lake’s internal nutrient loading processes, attention needs to be placed on
better understanding of the impacts of watershed storm based related loading.

3. Inconcert with the additional sampling noted above, the Association should update the 1990
Diagnostic Study. This would entail the updated modeling and computation of the
watershed pollutant loads to the lake. This update is warranted due to the changes in land
development (growth, intensity and in-fill development), the Association’s septic
management efforts and the new stormwater management rules that have occurred over the
past 20 years. Based on observations made over the past five years, external loading
dynamics are beginning to have a larger impact on lake water quality than are internal
loading dynamics. Computing the lake’s watershed based pollutant load will enable us to
better determine how best to manage the lake. When we conducted the original lake
assessment we demonstrated that the driving factors controlling the lake’s water quality were
dominated by internal processes. It would be useful to redo this analysis to ensure that
proper attention is being given to those factors having the greatest impact on the lake’s water

quality.

4. Continue the conventional harvesting program, and avoid the use of herbicides in the
management of the lake’s weed growth.

5. Consider the implementation of a weed tracking/mapping program as detailed above that
uses both aerial reconnaissance and in-lake field surveys.

6. Although we support the proposed comprehensive hydroraking of the Stehr Tract area of the
lake as outlined by Aquatic Analysts, we do not support the proposed hydroraking of the
wetland area located to the north of the Causeway. Maintenance of a boat access way is
acceptable, but as detailed in our 2 November memo we do not feel that extensive
hydroraking of this area will have a positive affect on the lake’s overall use or water quality.
A copy of this memo has been included in Appendix E.

7. Limit any trout stocking to “put and take”. Princeton Hydro agreed with the introduction of
3,200 additional hybrid striped bass in the fall of 2009, based on resident angler’s reports of
an increasing alewife population. However, a closer evaluation of the weight/length data of
hybrid striped bass captured from the lake should be conducted to ensure that the fish are not
being overstocked. Similarly, we agree with the limited introduction of walleye and
muskellunge, as long as these fish are stocked in moderation. Although there is some merit
in the introduction of such piscivorous fish, their introduction should only be implemented
with the knowledge that there is ample forage and that they will compete with neither the
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hybrid striped bass nor any of the stocked trout.

Princeton Hydro LLC



2009 Culver Lake End of Year Report
Prepared for the Normanoch Association
November 2009

Appendix A

2009 In-Situ Water Quality Data

Princeton Hydro LLC



2009 Culver Lake End of Year Report
Prepared for the Normanoch Association

November 2009
In-Situ Monitoring for Culver Lake 5/22/09
DEPTH (meters) Temperature Conductivity Dissolved pH Dissolved
. Oxygen Oxygen
Station
Total | Secchi Sample Cc) (mmhos/cm) (mg/L) (units) (%)
Surface 20.58 0.205 104 8.13 117.55
1.0 17.96 0.205 10.55 8.31 113.19
2.0 17.61 0.205 10.23 8.42 108.95
3.0 16.79 0.204 10.31 8.38 107.89
4.0 15.45 0.204 10.23 8.12 104.08
5.0 14.52 0.204 9.71 7.88 96.89
Mid-Lake 135 25 6.0 13.86 0.204 9.04 7.66 88.88
7.0 115 0.204 8.51 75 79.3
8.0 10.04 0.203 8.46 7.43 76.24
9.0 9.26 0.204 8.48 7.39 75.06
10.0 8.78 0.204 8.4 7.36 73.49
11.0 8.1 0.206 7.17 7.24 61.71
12.0 7.82 0.208 5.56 7.11 47.49
13.0 7.81 0.209 4,54 7.03 38.79
Surface 19.84 0.205 10.67 8.27 118.86
Stehr Tract 15 15
1.0 18.75 0.205 10.56 8.48 115.09
Surface 20.79 0.208 10.09 8.19 114.57
Causeway 18 18
Cove . . 1.0 18.7 0.208 10.03 8.39 109.19
15 18.57 0.206 9.89 8.53 107.45
Inlet (RT.
206) NIA NIA Surface 23.06 0.149 7.47 7.03 88.6
Inlet
(Causeway) | VA | NA Surface 23.41 0.232 8.37 7,65 100
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In-Situ Monitoring for Culver Lake 7/16/09
station DEPTH (meters) Temperature Conductivity D(;s;)c/)é\ét;d pH Dois)f}?géid
Total Secchi Sample Cc) (mmhos/cm) (mg/L) (units) (%)
Surface 23.12 0.215 9.3 8.7 110.3
1.0 23.05 0.215 9 8.79 105.7
2.0 22.9 0.214 8.8 8.83 102.8
3.0 2291 0.214 8.67 8.81 100.5
4.0 21.42 0.214 5.7 8.43 65.7
5.0 18.07 0.213 2 8.09 215
6.0 13.53 0.214 2.08 8 20.6
Mid-Lake 145 0.9 7.0 12.55 0.214 2.12 7.85 20.1
8.0 12.33 0.214 1.94 7.72 19
9.0 11.62 0.215 1.8 7.6 16.9
10.0 10.79 0.214 1.5 7.55 14
11.0 10.14 0.215 1.3 7.49 11.2
12.0 9.69 0.216 <1.0 7.42 <10.0
13.0 9.21 0.219 <1.0 7.35 <5.0
14.0 8.56 0.235 <1.0 7.11 <5.0
Surface 23.3 0.215 9.15 8.6 108.8
Stehr Tract 2 0.9 1.0 22.9 0.214 8.85 8.83 107
2.0 224 0.214 8.44 8.83 98.2
Surface 24.39 0.215 8.26 8.64 99.7
Causeway 15 1 1.0 23.68 0.22 7.39 8.39 87.4
Cove
15 23.01 0.225 4.62 7.95 52.8
lnlgggﬂ- N/A N/A Surface 20.37 0.175 6.72 7.78 75.8
Inlet
(Causeway N/A N/A
) Surface 22.22 0.223 4.05 8.05 425
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In-Situ Monitoring for Culver Lake 9/25/09
station DEPTH (meters) TR ZEELE Conductivity Dés;;é\éid pH Dés;;é\éid

Total | Secchi Sample ‘c) (mmhos/cm) (mg/L) (units) (mg/L)

Surface 19.48 0.211 9.56 7.97 105.76

1.0 19.46 0.211 9.32 7.94 103.07

2.0 19.34 0.211 9.21 7.88 101.64

3.0 18.91 0.211 8.84 7.62 96.72

4.0 18.6 0.211 8.27 7.45 89.83

5.0 17.9 0.21 7.6 7.31 81.4

6.0 17.31 0.21 6.05 7.12 64.06

Mid-Lake 13.75 2.7 7.0 16.39 0.209 3.57 6.81 37.05
8.0 15.62 0.208 2.47 6.69 25.29

9.0 14.62 0.211 2.22 6.61 22.19

10.0 12.87 0.216 2.54 6.59 24.49

11.0 11.91 0.219 2.85 6.6 26.84

12.0 11.43 0.225 3.25 6.63 30.28

13.0 10.95 0.237 3.41 6.65 314

13.5 10.47 0.254 3.46 6.8 3152

Surface 19.31 0.211 10.33 7.94 113.81

Stehr Tract 17 17 1.0 19.27 0.211 10.23 7.84 112.66
1.5 19.14 0.211 9.92 7.73 109.01

Surface 19.78 0.215 8.96 7.65 99.75

Causeway Cove | 15 15 1.0 19.59 0.211 9.07 7.59 100.59
1.5 19.33 0.211 9.42 7.63 103.9

Inlet (RT.206) | N/A N/A Surface 18.46 0.151 8.87 7.36 96.14
(Ca:Jr;Ieevtvay) NIA | NIA Surface 21.09 0.222 9.61 8.41 109.73
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Figure 1 - Chlorophyll a concentrations at the Culver Lake

mid-lake sampling station - 2009
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Figure 2 - Nitrate-N concentrations at the Culver Lake
mid-lake sampling station - 2009
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Figure 3 - Ammonia-N concentrations at the Culver Lake
mid-lake sampling station - 2009
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mid-lake sampling station - 2009
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Culver Lake Mid-Depth Zooplankton/Phytoplankton Community Composition 7/16/09
Zooplankton Phytoplankton
Number
Organism per Liter ug/L Organism Cells/ml | pg per liter
Cladocera Chrysophyta
Bosmina 187 189 Ochromonas 2162 507
Chydorus 77 56 Chromulina 927 21
Ceriodaphnia 66 116 Total 3089 708
Total 330 361
Bacillariophyta
Navicula 154 133
Copepods Total 154 133
Cyclops 22 4
nauplii 66 52 Cyanophyta
Total 88 56 Anabaena 200135 477061
Total 200135 477061
Chlorophyta
Rotifers Chlamydomonas 463 48
Conochilus 220 27 Haematococcus 309 336
Keratella 143 5 Sphaeriocystis 3088 512
Asplanchna 44 59 Oocystis 1544 215
Polyarthra 44 43 Gloeocystis 772 429
Trichocerca pilla 77 32 Total 6176 1540
Total 528 165
Grand Total 946 582
Grand Total 210017 479890
Highlighted Rows Indicate Dominant Organism
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Culver Lake Surface Zooplankton/Phytoplankton Community Composition 9/26/09
Zooplankton Phytoplankton
Number
Organism per Liter ug/L Organism Cells/ml | pg per liter
Cladocera Chrysophyta
Bosmina 9 9 Unknown 127 101
Ceriodaphnia 36 63 Total 127 101
Total 45 72
Bacillariophyta
Copepods Cyclotella 255 117
Cyclops 27 5 Total 255 117
nauplii 98 71
Diaptomous 9 15 Cyanophyta
Mesocyclops 9 19 Anabaena 6365 15173
Total 143 117 Total 6365 15173
Rotifers Chlorophyta
Conaochilus 27 3 Chlamydomonas 2164 226
Keratella 357 12 Chlorella 127 101
Polyarthra 71 69 Coelastrum 1782 124
Brachionus 45 19 Scenedesmus 255 12
Trichocerca pilla 36 15 Total 4328 462
Total 535 118
Grand Total 722 234 Dinoflagellates
Peridinium 127 757
Total 127 757
Euglenoids
Trachelomonas 127 379
Total 127 379
Grand Total 11329 16989
Highlighted Rows Indicate Dominant Organism
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Culver Lake Mid-Depth Zooplankton/Phytoplankton Community Composition 9/26/09
Zooplankton Phytoplankton
Number
Organism per Liter ug/L Organism Cells/ml | pg per liter
Cladocera Chrysophyta
Bosmina 41 41 Unknown 327 259
Chydorus 21 15 Ochromonas 818 178
Ceriodaphnia 31 55 Total 1145 437
Total 93 111
Bacillariophyta
Copepods Stephanodiscus 164 900
Cyclops 72 15 Cyclotella 327 150
nauplii 51 40 Total 491 1049
Diaptomous 31 52
Total 154 107 Cyanophyta
Aphanizomenon 2184 128
Rotifers Total 2184 128
Tetramastrix 10 1
Keratella 267 9 Chlorophyta
Polyarthra 21 20 Chlamydomonas 982 102
Trichocerca pilla 82 34 Chlorella 491 389
Total 379 63 Coelastrum 5238 364
Total 6711 855
Grand Total 626 281
Cryptophyta
Cryptomonas 164 158
Total 164 158
Grand Total 10695 2627
Highlighted Rows Indicate Dominant Organism
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2009 Hydroraking Proposal Memo
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